Chiral graphene quantum dots were prepared by acidic exfoliation and oxidation of graphite, dialysis, and esterification with enantiomerically pure (R) or (S)-2-phenyl-1-propanol. Circular dichroism studies support the formation of supramolecular aggregates with pyrene molecules, where a transfer of chirality occurs from the chiral graphene quantum dots to the pyrene.
Carbon is one of the most abundant elements in nature, which has the singular feature of forming different allotropes and nanostructured forms. 1 In particular, fullerenes, 2 carbon nanotubes 3 and graphene 4 have provoked a great excitement in different research fields due to their remarkable properties and potential applications in materials science, optoelectronics, photovoltaics or biomedical sciences. 5 However, large scale chemically pure forms of fullerenes and carbon nanotubes are still not easily affordable and are economically costly. In contrast, graphite is an inexpensive starting material for the production of graphene or graphene quantum dots (GQDs) considering a broad range of chemical and physical methods. 6 Besides a simple fabrication method and a low production cost, GQDs have received considerable attention because of their electronic and optical properties, fine biocompatibility and low toxicity, which hold great promise for applications such as bioimaging, medical diagnosis, photovoltaic devices and catalysis. 7 Nevertheless, when considering the potential applications of GQDs, chirality is an important aspect that can severely influence the performance and that has not been addressed so far. Natural processes have many examples where chiral compounds have a major role in molecular recognition, chemistry, biology and medicine, and an understanding of the fundamental concepts relevant to chirality in nanostructures is important for the further advancement of nanoscience and nanotechnology. 8 Chiral quantum dots (CdS, CdSe, CdTe, ZnS) have been prepared by a fast microwave-induced heating of the corresponding precursors in the presence of enantiomerically pure stabilizing ligands or via the conventional hot injection technique followed by a phase transfer in the presence of an appropriate chiral stabilizer. In the examples reported to date, the chiral stabilizing ligands and the induced chirality effects have a crucial role in the optical properties, in particular in luminescence sensing and chiral recognition of enantiomers. 9 In the case of carbon nanostructures, chirality has been barely explored. Our research group has reported the highly efficient synthesis of enantiomerically pure derivatives of fullerene and endohedral fullerenes with total control of the stereochemical outcome using metallic catalysis and/or organocatalysts under very mild conditions. 10 A further degree of complexity arises with carbon nanotubes, since each nanotube chirality is produced as an enantiomeric pair of nanotubes with opposite helicity. Research efforts in the recognition and separation of chiral carbon nanotubes have been based in the diameter selectivity with a variety of systems or in utilizing chiral ditopic receptors.
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Here, for a first time to the best of our knowledge, we proof the principle that chiral graphene quantum dots (CGQDs) can be obtained by reaction of oxidized GQDs with enantiomerically pure (R) or (S)-2-phenyl-1-propanol and that their chirality can be efficiently transferred to the supramolecular assemblies formed with small molecules such as pyrene. GQDs were obtained following a similar procedure to the one recently reported by Haino et al., 12 which consists in the exfoliation and oxidative cutting of graphite in a mixture of concentrated H 2 SO 4 and HNO 3 (3/1 v/v) at 120 ºC for 48 h, followed by neutralization of the excess of acid and a dialysis process. Initial transmission electron microscopy measurements (TEM) of the GQDs showed the presence of isolated GQDs together with bigger objects, as a consequence of the strong tendency to aggregation of GQDs due to the face-to-face attraction between them ( Fig.  1) . In order to obtain a more homogeneous size distribution, the as-prepared water soluble GQDs were separated with a Sephadex G-25 gel column into two fractions. 13 The second and more abundant fraction yields a distributio The first evidence of the successful covalent functionalization of GQDs was obtained from TGA under inert atmosphere. Fig. 4 shows the thermogravimetric profiles of graphite, GQDs and the CGQDs. Graphite remains stable in the experimental conditions while at 600 ºC a weight loss of around 37% is observed for GQDs, which could be assigned to the removal of stable carboxylic acid groups at the edges of the GQDs structure. For CGQDs, an additional weight loss of 9% is observed at this temperature, which can be attributed to the decomposition of the ester moieties. The GQDs skeleton decomposes between 700-900 ºC (Fig. 4 and Fig. S3 ).
Further support on the covalent anchoring of the functional groups to the GQDs was obtained from NMR. In the 13 C-NMR spectra of CGQDs additional signals to those of the GQDs are observed in the range of 120-150 ppm due to the presence of the phenyl substituents and the remaining carboxylic acids (∼ 180 ppm) are distinguished from the formed esters (∼ 168 ppm). In addition, the carbons of the methylene, methyne and methyl groups are observed at 67.4, 41.4 and 17.3 ppm, respectively (Fig. S4) . The FTIR spectra of CGQDs showed clear stretching vibrations of C=O at 1731-1727 cm -1 combined with the asymmetric and symmetric stretching vibrations of C-O-C (around 1300 cm -1 and 1200 cm -1 ) in the ester groups. In addition, the band due to the skeletal in-plane vibration of C=C is observed at 1592 cm -1 for GQDs and CGQDs (Fig.  5) . In Raman measurements, the characteristic D and G bands of GQDs at around 1387 cm -1 and 1590 cm -1 , respectively, are observed for all samples (see Fig. S5 in ESI) . No appreciable differences are observed between GQDs and CGQDs in the Raman spectra. The I D /I G values range from 0.88-0.93, which point to partially disordered crystal structures, arising from the small sp 2 cluster size. (Fig. S6) , although th (AFM) meas , the small S7). ds of CGQD to the as-pr m exhibited ared GQDs ( of the CGQ l groups intr orbs strongly sly demonst ut in the pre ). CGQDs-(R) (bl lar and com ), which were with differe valent popul showed the oups introdu pear at 225-Ds (Fig. S8) The GQD-E(S)/pyrene aggregates showed in their CD spectrum a positive Cotton effect in the absorptions at 320−350 nm, whereas a nega ve Co on effect is observed for the GQD-E(R)/pyrene aggregates in the same spectral range. Even when the obtained spectra are not specular images due to the most probable different degree of functionalization and organization in the CGQDs, the CD spectra evidenced the transfer of chirality from the CGQDs to the aggregate formed with pyrene and the divergent dichroic response of the nanoaggregates as a function of the (R) or (S) configuration of the chiral moieties introduced in the GQDs structure. In summary, the covalent functionalization of GQDs with enantiomerically pure simple organic molecules results in the formation of the first CGQDs. The structural properties of the obtained chiral namomaterials have been investigated considering thermogravimetric analysis (TGA), X-ray diffraction (XRD) and different spectroscopic (NMR, FTIR, Raman, UV-Vis, fluorescence) and microscopic (TEM, AFM) techniques. As a result of the covalent functionalization, we proof the concept that GQDs could become chiral and that this property can be transferred to a supramolecular structure built with pyrene molecules, where the CGQDs/pyrene ensembles show a characteristic chiroptical response depending on the configuration of the organic ligands introduced. Based on this simple approach, is it possible to envision the construction of more sophisticated chiral carbon-based GQDs supramolecular organizations where chirality could play an important role for practical applications. Financial support from the European Research Council (ERC-320441-Chiralcarbon), the UCM (GR3/14-910781), the Ministerio de Economía y Competitividad (MINECO) of Spain (Projects CTQ2014-52045-R and CTQ2015-71936 6   Table of contents entry Graphene quantum dots covalently modified with enantiomerically pure R/S units provide chiral graphene quantum dots that, upon assembly with pyrene molecules, show a strong chiroptical response.
